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Precuing the location of a stimulus reduces the time to respond
to that stimulus at the cued location relative to a different location
(Jonides, 1981; Posner, Snyder, & Davidson, 1980). Knowing the
color of a target beforehand in visual search enables observers to
enhance search efﬁciency by limiting search to items of the target
color (Carter, 1982; Egeth, Virzi, & Garbart, 1984). These ﬁndings
suggest that attentional selection can be based on location as well
as on nonspatial object features. However, although both can guide
attention, these two types of selection are not equally effective
(Bongartz & Scheerer, 1976; Sperling, 1960, 1963) or have the same
perceptual consequences (Bashinski & Bacharach, 1980; Moore &
Egeth, 1998). The present research investigates another difference
between the two: the processing asymmetries between location
and color, and location and texture.
Using stimulus displays that consisted of multiple items, previ-
ous studies have reported evidence for spontaneous location pro-
cessing when attention is paid to an object feature such as color
or form (Cave & Zimmerman, 1997; Cepeda, Cave, Bichot, & Kim,
1998; Kim & Cave, 1995, 1999a, 1999b; Tsal & Lavie, 1993). What
is less clear is whether such processing can occur when there is no
need for distractor inhibition, and whether attending to an object’s
location would also lead to the processing of an object feature.
Knowing the relationship between the selection of location and ob-
ject features is important because it helps to shed light on the
mechanisms that underlie feature processing in visual selection.ll rights reserved.
henp@gmail.comThe experiments in this paper focus on two issues: (1) whether
the processing of an object’s color or texture entails the processing
of that object’s location regardless of task relevancy, and vice versa
and (2) whether such processing interacts with participants’
behavioral goals.
1.1. Attentional guidance
Evidence for location-based attentional guidance has been re-
ported in many studies. Participants are typically faster and/or
more accurate to respond to a stimulus that appears at a location
indicated by a precue relative to a different location (Henderson,
1996; Jonides, 1981; Posner et al., 1980). They are more likely to
report a stimulus if it is near the location of a primary target than
if it is farther away (Hoffman & Nelson, 1981; Tsal & Lavie, 1988,
1993). Furthermore, when a target is ﬂanked by response incom-
patible distractors, interference decreases with increase in the spa-
tial proximity between the target and the distractors (Eriksen &
Eriksen, 1974; Eriksen & Hoffman, 1973; Gatti & Egeth, 1978).
These results suggest that location plays an important role in
attentional guidance.
In addition to location, attention can also be guided by object
features such as color and form (Bacon & Egeth, 1994, 1997; Carter,
1982; Egeth et al., 1984; Kaptein, Theeuwes, & van der Heijden,
1995; but see Shih & Sperling, 1996; Theeuwes, 1993). Kaptein
et al. (1995, Experiment 4) asked participants to search for a red
target among red and green distractors. Search time on the tar-
get-present trials increased with the number of red distractors,
but not with the number of green distractors. This result suggests
that participants used color to guide attention to limit search to
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ter (1982), and Egeth and colleagues (Bacon & Egeth, 1997; Egeth
et al., 1984).
1.2. Selection efﬁciency and perceptual consequences
Although location and object features can both guide atten-
tion, several studies have shown that selection by location is
more efﬁcient than selection by an object feature (Bongartz &
Scheerer, 1976; Sperling, 1960, 1963; von Wright, 1968, 1970,
1972; but see Nissen, 1985, Experiment 1). Using a partial report
technique that required participants to respond to a subset of
stimuli, Sperling (1960) assessed the amount of information par-
ticipants had at the time of selection before decay occurred.
When he compared their performance with the performance ob-
tained through a whole report technique that required responses
to all stimuli, he found a partial report advantage, i.e., more stim-
uli could be reported in the partial than in the whole report when
the response cue was based on location (e.g., to report stimuli in a
speciﬁc row or column), but not when it was based on category
(e.g., to report either letters or numbers). Related results were ob-
served by von Wright (1968, 1970, 1972), who investigated selec-
tion by location, color, size, and orientation. Although a partial
report advantage was found when the selection cue was location,
color, or size (but not orientation), the magnitude of the effect
was greater for location than for the other features. In addition,
selection by location is faster than selection by color (Bongartz
& Scheerer, 1976), and is the preferred mode of processing when
several modes of selection are available (Tsal & Lavie, 1988, 1993;
von Wright, 1968).
Selection by location also differs from selection by an object fea-
ture in perceptual consequences. There is evidence that location-
based attention enhances the sensory quality of a stimulus. It has
been shown that participants are more accurate in detecting a
stimulus, and in performing discrimination tasks concerning
brightness, orientation, and form, when the target stimulus occurs
at or near a cued location relative to a location which is farther
away (Bashinski & Bacharach, 1980; Downing, 1988). Cuing the
location of a stimulus also increases the contrast sensitivity of that
stimulus (Carrasco, Ling, & Read, 2004; Carrasco & Pestilli, 2005).
These results suggest that location-based attention alters the
appearance of a stimulus by enhancing its signal-to-noise ratio.
Contrary to location-based attention, feature-based attention
appears to facilitate information processing through priority in vi-
sual search. Moore and Egeth (1998) show that knowing a target’s
color improves visual search time when performance is under
speed pressure and the target-distractor signal-to-noise ratio is
high. However, the knowledge of color has no effect on perfor-
mance when the signal-to-noise ratio between the target and dis-
tractors is low and accuracy rather than reaction time (RT) is
emphasized. Given that performance is determined almost exclu-
sively by the sensory quality of stimuli in the latter case (Norman
& Bobrow, 1975), these results suggest that feature-based atten-
tional effect arises from changes in search strategy so that stimuli
that share the target feature are attended to ﬁrst. This may explain,
at least in part, why feature-based attentional effect is found in
some experiments (Bacon & Egeth, 1994, 1997; Carter, 1982; Egeth
et al., 1984; Kaptein et al., 1995) but not in others (Shih & Sperling,
1996; Theeuwes, 1993).
1.3. Does location have a unique role in visual attention?
The question whether location has a unique role in visual atten-
tion is a complex one (see Lamy & Tsal, 2001, for a review). On the
one hand, both location and object features can guide attention.
Cuing an object’s location in advance decreases the response laten-cies of detecting a target at the cued location relative to an uncued
location (Eriksen & Eriksen, 1974; Eriksen & Hoffman, 1973).
Informing participants the color of a target allows them to ignore
distractors of a different color (Kaptein et al., 1995). On the other
hand, location-based selection enables participants to report more
items than feature-based selection (Bongartz & Scheerer, 1976).
Moreover, whereas spatial attention enhances participants’ sen-
sory representation of a stimulus (Carrasco et al., 2004; Downing,
1988), feature-based attention facilitates processing by assigning
higher priority to the relevant stimuli in visual search (Moore &
Egeth, 1998). These results highlight the similarities and differ-
ences between location and object features in visual attention.
An important piece of evidence for the unique role of location is
the ﬁnding of location processing even when location is not a task
relevant attribute (Cave & Pashler, 1995; Cave & Zimmerman,
1997; Cepeda et al., 1998; Kim & Cave, 1995; Tsal & Lavie, 1993).
In a series of experiments, Cave and colleagues (Cave & Zimmer-
man, 1997; Kim & Cave, 1995) showed participants stimulus dis-
plays that consisted of a target and several distractors. The
primary task was to search for a target deﬁned by a speciﬁc feature
such as color or form. On most trials, the search display was fol-
lowed by a delay, and participants withheld their responses during
the delay until the appearance of a response prompt. On some tri-
als, however, the target display was followed immediately by a
small probe, and the task was to make a speeded response to the
probe (a detection task) before doing the search task. Probe RT
was faster when the probe was at a location previously occupied
by a target than by a distractor. Because location was task irrele-
vant, this result suggests spontaneous location processing when
an object’s color or form is selected. Related ﬁndings have also
been reported by Cave and Pashler (1995), and Tsal and Lavie
(1993).
A common feature of the above studies is that the critical dis-
play consisted of both the relevant and irrelevant objects. Previous
research has shown that the degree of attentional modulation dif-
fers as a function of the presence or absence of distractors (Chel-
azzi, Miller, Duncan, & Desimone, 2001; Moran & Desimone,
1985), suggesting that inhibition plays an important role in atten-
tional selection (Desimone & Duncan, 1995). Given the role of inhi-
bition, it is important to determine that location selection is an
inherent part of visual attention and can therefore also occur with-
out the presence of distractors. In the experiments reported here,
all the displays consisted of a single stimulus. Because inhibition
need not be evoked when a display contains no distractors (Chen
& Treisman, 2008), evidence of location selection when attention
is focused on an object feature will provide strong support for
spontaneous location processing regardless of behavioral goals.
A related question concerning the uniqueness of location in vi-
sual attention is whether the relationship between the selection of
location and object features is a reciprocal one. In other words,
whether attending to location would also lead to the processing
of nonspatial visual properties such as color and form. Several
researchers have examined this issue (Bloem & van der Heijden,
1995; Chen, 2005; Johnston & Pashler, 1990). Johnston and Pashler
(1990) showed participants brief stimulus displays that consisted
of multiple colored letters. Participants searched for a target de-
ﬁned by either color or form (the identity response), and then indi-
cated the location of the target (the location response). Accuracy
was the dependent measure. After correction for guessing, there
was no evidence of identity perception without location. In con-
trast, location was correctly identiﬁed on about 10% of the trials
while the identity responses were wrong. These results suggest
that whereas identity perception is contingent upon location per-
ception, location perception does not necessarily require identity
perception. Similar ﬁndings were reported by Bloem and van der
Heijden (1995). However, because participants were required to
1 In all the experiments reported here, none of the participants took part in more
than one experiment, and none knew the purpose of the experiments.
2 For interpretation of color in Figs. 1–5, the reader is referred to the web version of
this article.
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observed asymmetries could reﬂect differences in featural selec-
tion, in memory retrieval, or in both.
Chen (2005, Experiment 4) also reported a processing asymme-
try between location and an object feature. Her participants saw a
non-informative distractor followed by a target. When location
was the irrelevant distractor feature and participants were report-
ing the form of a target, location affected responses. However,
when form was the irrelevant distractor feature and participants
were reporting the location of the target, form did not inﬂuence re-
sponses. These results indicate a processing asymmetry between
location and form. Unfortunately, because the main purpose of
the study was to investigate the degree of processing of a non-tar-
get object, the participants were not required to encode the dis-
tractor. Given that the extent of processing of a task irrelevant
feature can be inﬂuenced by the status of an attended object as
being a target or a distractor (Remington & Folk, 2001; but see
Chen & Cave, 2006), it is unclear whether similar processing asym-
metries between location and object features would be generalized
to task relevant stimuli.
The present experiments investigate whether in the absence of
distractor inhibition the processing of an object’s color or texture
entails the processing of its spatial location and vice versa, and
whether such processing interacts with participants’ behavioral
goals. In all experiments, participants saw stimulus displays that
consisted of a ﬁxation, a go/nogo response cue, and a letter target.
The function of the go/nogo response cue was to ensure that partic-
ipants attended to a speciﬁc feature of the cue. The task was to
make a speeded response to the target on the basis of the cue
(e.g., to judge whether the target was a T or a V when the response
cue was red, but to refrain from responding when the response cue
was green).
There were two principal independent variables in each exper-
iment. The ﬁrst independent variable (a within-block one) was the
relationship between the irrelevant features of the cue and the tar-
get (e.g., their locations in successive displays). They were the
same on half of the trials (the same condition) and different on
the other half (the different condition). If one assumes that partic-
ipants would process the relevant feature of the cue due to the go/
nogo requirement (e.g., color), by computing the differences in par-
ticipants’ RTs between the same and different conditions, we could
make inferences regarding the processing of the irrelevant feature
of the cue (e.g., location) when attention was paid to its relevant
feature (e.g., color). This is because the only difference between
the two conditions was the location of the cue relative to the tar-
get. Of course, participants would also attend to the relevant fea-
ture of the target (e.g., the form of the target if the task was to
discriminate a T from a V). However, because all the processes that
are involved in the encoding of, and responding to, the target are
identical between the same and different conditions, the differ-
ences in participants’ response latencies between the two condi-
tions should reﬂect differences regarding the irrelevant feature of
the cue only (see Donders, 1868/1969, for his discussion on the
subtraction method). If RTs were faster in the same condition than
in the different condition, that would suggest the processing of the
irrelevant feature of the cue. Otherwise, there should be no differ-
ence between the two conditions.
The second independent variable (a between-block one) was
the participants’ task. In all the experiments, participants re-
sponded to one feature of the target in one block (e.g., form), and
to a different feature of the target in the other block (e.g., location).
The two tasks were chosen in such a way that the irrelevant
dimension of the cue (e.g., location) was a response relevant fea-
ture in one task (e.g., a location judgment task), but a response
irrelevant feature in the other task (e.g., a form judgment task).
By varying the task, we could assess whether the processing ofthe irrelevant feature of the cue was a function of participants’
behavioral goals.
Experiments 1A–1C examined the relationship between loca-
tion and color. Experiments 2A and 2B focused on location and tex-
ture. Experiments 3A and 3B sought to rule out the hypothesis that
the results of Experiments 1A and 1B were caused by differential
processing efﬁciencies between location and color. Together, these
experiments provided a direct assessment of the roles of location,
object features, and their interactions with behavioral goals.
2. Experiment 1A
Experiment 1A investigated location processing when color was
attended. The go/nogo criterion was the color of the cue (red or
green). The location of the cue relative to the target was manipu-
lated so that they were the same on half of the trials (the same con-
dition) and different on the other half (the different condition). The
task was to determine the location of the target (left or right) in
one block (the location task), and the form of the target (T or V)
in the other block (the form task). Thus, whereas location was task
relevant in the location task, it was task irrelevant in the form task.
Because participants did not need to encode location in the form
task, faster RTs in the same than the different condition would
indicate spontaneous processing of location when color was at-
tended. Furthermore, a comparison of participants’ pattern of re-
sponses in the form and location tasks would reveal the extent to
which location selection was modulated by behavioral goals.
2.1. Method
2.1.1. Participants
Ten University of Canterbury undergraduate students volun-
teered for the experiment.1 Each was paid NZ$10. All of them re-
ported to have normal or corrected-to-normal vision.
2.1.2. Apparatus and stimuli
A Power Macintosh 6100/66 computer with a 13-in RGB moni-
tor was used to display stimuli and to record responses. All stimuli
were presented against a gray background. Participants were indi-
vidually tested in a dimly lit room. The viewing distance was
approximately 60 cm.
Each trial consisted of a ﬁxation, a response cue, and a target
(see Fig. 12). The ﬁxation was a small black cross of 0.76 at the cen-
ter of the computer screen. The response cue consisted of a pair of
vertically aligned black or white bars at 6.3 left or right of ﬁxation.
Each bar was 1.24 in length and 0.29 in width, and the two bars
were separated by 3.8. The target, which was centered at 6.3 left
or right of ﬁxation, was a yellow capital letter T or V written in
60-point Geneva font.
2.1.3. Design and procedure
The experiment was a 2  2 within-subjects design, with the
principal manipulations being the cue-target location (same vs.
different, a within-block manipulation) and the task (form vs. loca-
tion, a between-block manipulation). Half of the participants re-
sponded to the target when the cue was white, and they
refrained from responding when the cue was black. This was re-
versed for the other half of the participants. Three-fourths of the
trials were ‘‘go” trials, with the rest of them ‘‘nogo” trials. All par-
ticipants performed a form discrimination task (T vs. V) and a loca-
TV
Fixation
(1,005 ms)
Target
(120 ms)
Response Cue
(120 ms)
Different
Condition
Same
Condition
Fig. 2. Examples of stimulus displays from Experiment 1B. The ‘‘go/nogo” criterion
was based on the location of the response cue, which was on the left or right side of
ﬁxation. The cue and the target had either the same color (both red or both green;
same condition) or different colors (one red and the one green; different condition).
The task was color discrimination (red vs. green) in one block, and form
discrimination (T vs. V) in the other block. Thus, color was an irrelevant attribute
in the form task, but a relevant attribute in the color task.
T
V
Fixation
(1,005 ms)
Target
(120 ms)
Response Cue
(120 ms)
Different
Condition
Same
Condition
Fig. 1. Examples of stimulus displays from Experiment 1A. The experiment used a
‘‘go/nogo”paradigmon thebasis of the color of the response cue,which couldbeblack
orwhite. The targetwasyellow. Thecueand the targetwereequally likely to appear at
the same location (the same condition) or at different locations (the different
condition) in successive displays. The task was form discrimination (T vs. V) in one
block, and location discrimination (left vs. right) in the other block. Thus, locationwas
an irrelevant attribute in the form task, but a relevant attribute in the location task.
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counterbalanced across the participants.
Each trial started with a 1005 ms ﬁxation at the center of the
screen, followed by a 120 ms display of the response cue on the left
or right side of the screen with equal probability. Upon the offset of
the cue, the target was shown for 120 ms. The target was equally
likely to be at the same location as the cue or at a corresponding
location on the other side of ﬁxation.
The experiment consisted of two blocks of 192 trials, with 24
practice trials before each block. On the ‘‘go” trials, participants
pressed one of two labeled keys on the keyboard. In the form task,
thekeyswere ‘‘.” forTand ‘‘/” forV. In the location task, the samekeys
were used, with ‘‘.” indicating left and ‘‘/” indicating right. On the
‘‘nogo” trials, they pressed the space bar to proceed to the next trial.
Both speed and accuracy were emphasized for the ‘‘go” trials, but
only accuracy was stressed for the ‘‘nogo” trials. The importance of
maintaining ﬁxation throughout an entire trial was emphasized.
While participants were doing the practice trials, the experimenter
stood at a location where the participant’s eye movements could
be observed. They were reminded of the ‘‘no eye movement”
requirement whenever an overt eye movement was detected, and
were given additional practice trials if it was deemed necessary.
2.2. Results and discussion
The mean RT and accuracy data are shown in Table 1. Two
repeated-measures analyses of variance (ANOVA), one on RT
and the other on accuracy, were conducted. Participants were
faster in the location discrimination task (425 ms) than in the
form discrimination task (498 ms) [F(1,9) = 18.69,
MSe = 2890.26, p < .01]. They were also faster and more accurate
when the target occurred at the same location as the cue
(448 ms with 3.3% error) than at a different location from the
cue (474 ms with 7.0% error) [RT: F(1,9) = 58.37, MSe = 116.68,
p < .001; Accuracy: F(1,9) = 5.47, MSe = 24.89, p < .05]. Further-
more, the magnitude of the location effect was larger when
the task was location (43 ms) than when it was form (9 ms)Table 1
Mean reaction times (in milliseconds) and error rates (percent incorrect), with standard e
Location task
Location same Location different
M SE M SE
RT 403 22.6 446 19.2
% Error 1.9 0.66 6.9 2.15[F(1,9) = 16.58, MSe = 177.03, p < .01]. Further analyses revealed
that the location effect was signiﬁcant in both the location and
form tasks [t(9) = 6.09, p < .001 and t(9) = 3.09, p < .05, respec-
tively]. No other results reached signiﬁcance.
Consistent with prior research (e.g., Kim & Cave, 1995; Tsal &
Lavie, 1993), Experiment 1A indicates spontaneous location pro-
cessing regardless of task relevancy when color was attended.
Moreover, because none of the displays in the experiment con-
tained any distractors, the location effect could not be attributed
to a by-product of distractor inhibition. Interestingly, although
location selection was spontaneous, its degree of processing was
still inﬂuenced by participants’ behavioral goals, as indicated by
a larger effect when location was a task relevant rather than a task
irrelevant attribute.
3. Experiment 1B
Experiment 1A found evidence for location processing when
attention was paid to the color of the response cue. Experiment
1B examined whether attending to the cue’s location would also
lead to the processing of its color. To ensure that participants
would encode the location of the cue, the ‘‘go/nogo” criterion
was based on location. The color of the response cue relative to
the target was varied so that they were the same on half of the tri-
als (the same condition) and different on the other half (the differ-
ent condition). As before, participants completed two blocks of
trials. In one block, the task was to judge the color of the target
(the color task). In the other block, it was to judge the identity of
the target (the form task). Thus, whereas color was task relevant
in the former condition, it was task irrelevant in the latter condi-
tion. If processing an object’s location entails the processing of that
object’s color regardless of task relevancy, participants should be
faster in the same condition than in the different condition in both
the form and the color tasks. However, if color processing is task
dependent, the color effect would be found in only the color task,
but not the form task.rrors, for Experiment 1A.
Form task
Location same Location different
M SE M SE
493 17.1 502 16.6
4.6 1.02 7.0 1.51
Table 2
Mean reaction times (in milliseconds) and error rates (percent incorrect), with standard errors, for Experiments 1B and 1C.
Color task Form task
Color same Color different Color same Color different
M SE M SE M SE M SE
Experiment 1B
RT 554 42.1 587 36.9 515 34.6 514 32.9
% Error 5.1 1.56 5.7 1.18 4.2 0.69 3.6 0.77
Experiment 1C
RT 523 41.1 546 38.5 476 26.6 482 26.6
% Error 4.7 1.24 4.0 0.97 2.9 0.47 3.3 0.73
3 I thank an anonymous reviewer for pointing that out.
4 The 510 ms SOA was chosen on the basis of prior research (e.g., Liu et al., 2007),
which found evidence for feature-based attention at an SOA of 500 ms.
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The method of Experiment 1B was the same as that of Experi-
ment 1A except for the following changes (see Fig. 2). First, the
‘‘go/nogo” decision was location-based: half the participants re-
sponded to the target when the response cue was on the left side
of ﬁxation, and vice versa for the other half of the participants. Sec-
ond, the cue and the target could either be red or green. They had
the same color on half the trials, and different colors on the other
half. Third, whereas the cue could appear on the left or right of ﬁx-
ation as in Experiment 1A, the target always appeared at the cen-
ter. Finally, the two tasks were letter discrimination (T vs. V) and
color discrimination (red vs. green) in different blocks. Twelve
new volunteers from the same participant pool took part in the
experiment.
3.2. Results and discussion
The results are illustrated in Table 2. ANOVA on RTs showed fas-
ter responses in the form task (515 ms) than in the color task
(571 ms) [F(1,11) = 10.93, MSe = 3398.75, p < .01], and when the
cue and the target had the same color (535 ms) than when they
had different colors (551 ms) [F(1,11) = 9.47, MSe = 330.61,
p < .05]. There was also a signiﬁcant interaction between task
and color [F(1,11) = 12.01, MSe = 291.76, p < .01]. Whereas the ef-
fect of color was reliable in the color task (33 ms) [t(11) = 3.43,
p < .01], it was negligible in the form task (1 ms) [t < 1]. No signif-
icant effects were found in the accuracy data.
The main ﬁnding of Experiment 1B was that color was pro-
cessed only when it was a task relevant attribute. Taken together,
the results of Experiments 1A and 1B showed a processing asym-
metry between location and color. Whereas encoding the cue’s col-
or resulted in the selection of the cue’s location regardless of task
relevancy (even though the degree of location processing was still
modulated by participants’ behavioral goals), encoding the cue’s
location did not automatically lead to the processing of the cue’s
color. These results suggest that location selection is the default
way of attentional selection in the visual system. In contrast, selec-
tion by color is employed only strategically when doing so beneﬁts
the behavioral goal.
4. Experiment 1C
Experiments 1A and 1B established the existence of a process-
ing asymmetry between location and color. However, before we
investigate its generality in the next two experiments, it would
be prudent to determine whether the observed asymmetry was
speciﬁc to the short cue-target stimulus onset asynchrony
(SOA) used in the previous experiments. There is some evidence
in prior research that the deployment of feature-based and loca-
tion-based attention has different time courses, with feature-
based attention rising later than location-based attention(Anllo-Vento & Hillyard, 1996; Liu, Stevens, & Carrasco, 2007;
but see Hopf, Boelmans, Schoenfeld, Luck, & Heinze, 2004). In
both Experiments 1A and 1B, the cue-target SOA was 120 ms. If
location-based attention developed within 120 ms but color-
based attention did not unless color was a task relevant feature,
participants would show evidence of location processing but not
that of color processing in the form task.3 To address this issue,
Experiment 1C was conducted with a much longer cue-target
SOA than that in Experiment 1B.
4.1. Method
Experiment 1C was identical to Experiment 1B except for the
cue-target SOA. A blank interval of 390 ms was inserted between
the offset of the cue and the onset of the target, resulting in a
cue-target SOA of 510 ms.4 As in Experiment 1B, the ‘‘go/nogo” deci-
sion was based on location; the cue and the target had the same col-
or on half the trials (the same condition) and different colors on the
other half (the different condition); and the two tasks were letter
discrimination (T or V) and color discrimination (red or green) in
separate blocks. If the null result observed in the form task of Exper-
iment 1B was caused by the short cue-target SOA, we should ﬁnd a
signiﬁcant color effect in the present experiment. However, if the
null result was due to the nature of color selection when attention
was paid to location, no difference in RTs should be observed be-
tween the same and different conditions. Thirteen new volunteers
took part in the experiment.
4.2. Results and discussion
Table 2 shows the results. One participant’s data were not in-
cluded in the analyses because of high error rates that exceeded
50% in two conditions. An ANOVA on RTs indicated faster response
latencies in the form task (479 ms) than in the color task (534 ms)
[F(1,11) = 9.07, MSe = 4060.48, p < .05], and when the cue and the
target had the same color (499 ms) than when they had different
colors (514 ms) [F(1,11) = 6.00, MSe = 422.42, p < .05]. Although
the interaction between task and color was not signiﬁcant
[F(1,11) = 1.54, MSe = 590.19, p > 20], two separate t tests were
conducted to determine the degree of color processing in the two
tasks. A signiﬁcant effect was found in the color task (22 ms)
[t(11) = 1.93, p < .05], but not in the form task (6 ms)
[t(11) = 1.18, p > .10]. There were no reliable effects in the accuracy
data.
The most important ﬁnding of Experiment 1C is the replication
of the null result observed in the form task of Experiment 1B. In
both experiments, participants showed no evidence of processing
the color of the response cue when their attention was paid to
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present experiment, it seems unlikely that the processing asymme-
try found in Experiments 1A and 1B was caused by a short SOA.
One may notice that Experiments 1B and 1C differed in one as-
pect of data. Whereas the task by color interaction was signiﬁcant
in Experiment 1B, it was not signiﬁcant in Experiment 1C. To deter-
mine whether the pattern of data between the two experiments
had qualitative differences, I conducted a combined analysis on
RTs across the experiments. A mixed ANOVA revealed signiﬁcant
main effects of task [F(1,22) = 19.84, MSe = 3729.62, p < .01] and
color [F(1,22) = 15.00, MSe = 376.51, p < .01], and a two-way inter-
action between task and color [F(1,22) = 9.06, MSe = 440.98,
p < .01]. However, there was no signiﬁcant effect involving experi-
ment, suggesting that the pattern of data between Experiments 1B
and 1C did not differ in a qualitative way. In light of these results, it
seems safe to conclude that in the present paradigm spontaneous
processing of color does not occur when attention is paid to an ob-
ject’s location.
5. Experiment 2A
Experiments 2A and 2B tested the generality of the process-
ing asymmetry found in the previous experiments. Experiment
2A investigated location selection when attention was paid to
texture (see Fig. 3). Accordingly, the ‘‘go/nogo” criterion was
based on the texture of the cue (dots or dashes). The cue and
the target were equally likely to appear at the same location
or different locations. The tasks were color discrimination in
one block (where location was task irrelevant), and location dis-
crimination in the other block (where location was task rele-
vant). If the processing of the cue’s texture entails the
processing of its location, RTs should be faster in the same con-
dition than in the different condition regardless of whether the
task was color or location.T
T
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(1,005 ms)
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(120 ms)
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(120 ms)
Different
Condition
Same
Condition
Fig. 3. Examples of stimulus displays from Experiment 2A. The ‘‘go/nogo” criterion
was based on the texture of the response cue, which was made of white dots or
white short bars. The target was either yellow or green. The cue and the target
appeared at either the same location (same condition) or different locations
(different condition). The task was color discrimination (yellow or green) in one
block, and location discrimination (left vs. right) in the other block. Thus, location
was an irrelevant attribute in the color task, but a relevant attribute in the location
task.
Table 3
Mean reaction times (in milliseconds) and error rates (percent incorrect), with standard e
Location task
Location same Location different
M SE M SE
RT 490 21.6 510 28.7
% Error 3.3 1.03 5.0 1.365.1. Method
Themethod was the same as that of Experiment 1A with the fol-
lowing differences. First, the go/nogo criterionwas based on the tex-
ture of the cue, which was made of white bars (the same as those in
Experiment 1A) orwhite dots. Eachdot subtended0.29 in diameter,
and the spatial separation between the dots was 1.24 within each
pair, and 3.8between the twopairs. As in the previous experiments,
the center of the cuewas situated at 6.3 left or right of ﬁxation. Half
of theparticipants responded to the targetwhen thecuewasmadeof
dots, and the other half when the cue was made of bars. Second, the
target,whichwas always the letter T, was equally likely to be yellow
or green, and appeared at 6.3 left or right of ﬁxation with equal
probability. The cue and the target were at the same location on half
of the trials (the same condition), and at different locations on the
rest of the trials (the different condition). Participants performed a
color discrimination task (yellow vs. green) in one block and a loca-
tion discrimination task (left vs. right) in the other block. All the
other aspects of the method were the same as those in Experiment
1A. Twelve new people took part in the study.
5.2. Results and discussion
Table 3 illustrates the results. RTs were faster when the task
was location (500 ms) than when it was color (637 ms)
[F(1,11) = 66.87, MSe = 3348.40, p < .001], and when the target ap-
peared at the same location as the cue (557 ms) than at a different
location from the cue (580 ms) [F(1,11) = 6.39, MSe = 996.3,
p < .05]. Task and location did not interact [F < 1], suggesting that
the degree of location processing was comparable in the two tasks.
No signiﬁcant effects were found in the accuracy data.
As in Experiment 1A, location selection was found both when it
was task relevant and irrelevant. However, unlike the result in
Experiment 1A, the magnitude of the location effect was not mod-Fixation
(1,005 ms)
Target
(120 ms)
Response Cue
(120 ms)
Different
Condition
Same
Condition
Fig. 4. Examples of stimulus displays from Experiment 2B. The ‘‘go/nogo” criterion
was based on the location of the response cue, which was on the left or right of
ﬁxation. The cue was white, and the target was either yellow or green. The cue and
the target had either the same texture (both were made of dots or bars; same
condition) or different textures (one was made of dots and the other was made of
bars; different condition). The task was color discrimination (yellow or green) in
one block, and texture discrimination (dots or bars) in the other block. Thus, texture
was an irrelevant attribute in the color task, but a relevant attribute in the texture
task.
rrors, for Experiment 2A.
Color task
Location same Location different
M SE M SE
623 24.0 650 28.8
6.3 1.25 7.7 1.20
Table 4
Mean reaction times (in milliseconds) and error rates (percent incorrect), with standard errors, for Experiment 2B.
Texture task Color task
Texture same Texture different Texture same Texture different
M SE M SE M SE M SE
RT 476 13.7 496 13.3 500 19.1 503 19.0
% Error 3.1 0.88 4.7 0.77 4.2 0.86 3.7 0.75
T
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(1,005 ms)
Target
(90 ms)
Response Cue
(90 ms)
T
T
T
DD
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Condition
Fig. 5. Examples of stimulus displays from Experiment 3A. The ‘‘go/nogo” criterion
was based on the color of the response cue, which could be white or black. The
target was yellow, and it could occur at the same location as the cue (the SS
condition), at a different horizontal location from the cue (the DH condition), at a
different vertical location from the cue (the DV condition), and at a location
diagonal to the cue (the DD condition). The task was form discrimination (T vs. V) in
one block, and location discrimination (target above or below the horizontal
meridian) in the other block. Thus, location was an irrelevant attribute in the form
task, but a relevant attribute in the location task.
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account of this difference in Section 10.
6. Experiment 2B
6.1. Method
Experiment 2B tested texture selection when attention was
paid to location (see Fig. 4). The method was the same as Experi-
ment 2A except for the following changes. The target was either
a yellow or green capital letter T at the center of the screen, and
it was equally likely to consist of dots or short bars. The ‘‘go/nogo”
criterion was location (left vs. right). Half the participants re-
sponded to the target when the cue was on the left of ﬁxation,
and vice versa for the other half. In the same condition, the cue
and the target had the same texture (both were made of dots or
short bars). In the different condition, they had different textures
(one was made of dots, and the other was made of short bars).
The two tasks were color discrimination (yellow vs. green) and tex-
ture discrimination (dots or bars). If there is a processing asymme-
try between location and texture, participants should demonstrate
a texture effect in the texture task but not in the color task. Sixteen
new participants volunteered for the study.
6.2. Results and discussion
Table 4 shows the results. An ANOVA on RTs revealed a signif-
icant main effect of texture [F(1,15) = 13.10, MSe = 163.16,
p < .01], with faster responses when the cue and target had the
same texture (488 ms) than when they had different textures
(500 ms). In addition, there was a signiﬁcant task by texture inter-
action [F(1,15) = 5.05, MSe = 248.39, p < .05]. While the effect of
texture was signiﬁcant (20 ms) when the task was texture discrim-
ination [t(15) = 4.68, p < .001], it was negligible (3 ms) when the
task was color discrimination [t < 1]. These results suggest that
the texture of the cue was processed only when it was a task rele-
vant attribute. The main effect of task was not signiﬁcant
[F(1,15) = 1.37, ns]. No reliable effects were found in the accuracy
data, either.
The most important ﬁnding of the experiment was the selection
of texture as a function of task relevancy. This processing asymme-
try between location and texture mirrored the processing asym-
metry between location and color in the previous experiments. In
both cases, location accompanied the processing of an object fea-
ture, but not vice versa.
However, before any conclusions were drawn, it would be ben-
eﬁcial to address another possible alternative account, i.e., the ob-
served processing asymmetries were not caused by inherent
differences between location and an object feature, but by a differ-
ence in processing efﬁciency between the two. Inspection of partic-
ipants’ RTs showed that response latencies were generally faster
when the task was location than when it was color. There is some
evidence in prior research that the processing efﬁciency of a stim-
ulus can inﬂuence the degree of processing of a task irrelevant
dimension: the more efﬁcient the processing of a relevant dimen-
sion, the less interference it receives from an irrelevant dimension(Chen, 2005; Chen & Cave, 2006). The next two experiments were
designed to replicate Experiments 1A and 1B while controlling for
differences in response latencies between location and color.
7. Experiments 3A and 3B
Several measures were taken to minimize the differences in
processing efﬁciency between location and color in Experiments
3A and 3B. First, instead of two locations, the cue and the target
could appear at one of four locations. Second, for the location task
in Experiment 3A, participants were required to report whether the
target was above or below the horizontal meridian instead of left
or right of ﬁxation. This change would minimize the possible inﬂu-
ence of the Simon effect (Simon, Hinrichs, & Craft, 1970), which re-
fers to faster RTs when there is spatial correspondence between
the location of the response keys on the keyboard and the location
of the stimuli in the display. Although the Simon effect should not
inﬂuence the interpretation of the results in the previous experi-
ments because it would have averaged out in the ﬁnal results, its
removal would increase participants’ overall responses latencies
in the location task. Finally, the color of the cue and the target were
changed from red or green in Experiment 1B to black or white in
both Experiments 3A and 3B.
The effect of these changes was then empirically veriﬁed in a
baseline experiment. Ten participants saw stimulus displays that
consisted of a 1000 ms ﬁxation followed by a pair of white or black
bar for 90 ms. The bars were the same as those used in Experi-
Same
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of four corners of an imaginary rectangle that subtended 9.36 in
length and 6.88 in width, and that the gap between the two bars
was 2.29. The task was to make a speeded response to the location
of the bar (above vs. below) in one block, and to the color of the bar
(white vs. black) in a different block. The order of the blocks was
counterbalanced across participants. No signiﬁcant differences
were found in RT or accuracy between the location task (402 ms
with 4.8% error) and the color task [415 ms with 4.0% error; t
(9) < 1, ns, for RT; and t(9) = 1.29, ns, for accuracy]. These results
conﬁrmed that with the speciﬁc stimuli described above, compara-
ble processing efﬁciency for color and location could be achieved.
8. Experiment 3A
8.1. Method
The method was the same as that in Experiment 1A except for
the following differences. Both the response cue (the same as that
used in the baseline experiment) and the target were equally likely
to appear at one of four corners of an imaginary rectangle that cen-
tered at ﬁxation and subtended 9.36 in length and 6.88 in width
(see Fig. 5). The target could occur, on an equal proportion of trials,
at the same location as the cue (the SS condition), at a different
horizontal location from the cue (the DH condition), at a different
vertical location from the cue (the DV condition), and at a location
diagonal to the cue (the DD condition). The presentation durations
for the cue and the target were reduced from 120 ms to 90 ms to
minimize overt eye movements within a trial (Alpern, 1972; May-
frank, Kimmig, & Fischer, 1987). As in Experiment 1A, the go/nogo
decision was based on color. Half the participants responded to the
target when the cue was white, and the other half responded to the
target when the cue was black. The tasks were form discrimination
in one block (T or V), and location discrimination in the other block
(target above or below the horizontal meridian). Of particular
interest was whether RTs would be faster when the location of
the target matched that of the cue in both tasks. Twelve new par-
ticipants took part in the experiment.
8.2. Results
The results are shown in Table 5. A 2  4 repeated-measures
ANOVA on RTs indicated faster RTs in the form task (513 ms) than
in the location task (583 ms) [F(1,11) = 6.85, MSe = 16887.3,
p < .05]. There was also a signiﬁcant effect of location
[F(3,33) = 10.62,MSe = 665, p < .001]. Although there was no signif-
icant location by task interaction [F(3,33) = 1.04, MSe = 618.2, ns],
to understand the effect of location in each task, two separate
one-way repeated-measures ANOVAs were conducted. A signiﬁ-
cant location effect was found for both the location taskTable 5
Mean reaction times (in milliseconds) and error rates (percent incorrect), with
standard errors, for Experiment 3A.
SS DH DV DD
M SE M SE M SE M SE
Location task
RT (ms) 551 33.2 582 34.3 601 39.3 596 46.3
% error 3.7 0.77 7.2 1.58 4.9 1.06 4.4 1.6
Form task
RT (ms) 496 16.9 513 15.8 523 16.2 520 16.0
% error 4.0 1.39 3.3 1.29 2.3 1.01 3.7 0.82
Note: The notations for the conditions are: SS, target at the same location as the cue;
DH, target at a different horizontal location from the cue; DV, target at a different
vertical location from the cue; DD, target at a location diagonal to the cue.[F(3,33) = 6.07, MSe = 284.5, p < .01] and the form task
[F(3,33) = 5.98, MSe = 998.7, p < .01]. Subsequent Neuman–Keuls
tests indicated that for both tasks, RTs were faster in the SS condi-
tion than in the DH, DV, or DD conditions (p < .05), and no signiﬁ-
cant differences were found among the latter three conditions.
Thus, the location effect found in Experiment 1A was replicated,
although the magnitude of the effect did not vary as a function
of task relevancy in the present experiment. (See Section 9 for
discussion.)
For the accuracy data, a similar 2  4 repeated-measures ANO-
VA was conducted. Consistent with the RT data, accuracy was high-
er in the form task (3.3% error rates) than in the location task (5.1%
error rates) [F(1,11) = 11.1, MSe = 6.44, p < .01]. No other effects
reached signiﬁcance.
9. Experiment 3B
9.1. Method
Experiment 3B examined color selection while attention was
paid to location. The method was the same as that in Experiment
1B except that the response cue could appear at one of four loca-
tions identical to those used in Experiment 3A, and that the target
was equally likely to be white or black (see Fig. 6). As in Experi-
ment 1B, the go/nogo decision was based on the location of the
cue, with half the participants responding to the target when the
cue was above the horizontal meridian, and the other half when
the cue was below the horizontal meridian. The two tasks were
form discrimination (T vs. V) and color discrimination (black vs.
white) in different blocks. The target, which always appeared at
ﬁxation, had the same color as the cue on half the trials (the same
condition) and different color from the cue on the rest of the trials
(the different condition). The question of interest was whether col-
or selection was task dependent, i.e., whether it would occur only
when color was the task relevant attribute. Fourteen new volun-
teers took part in the experiment.
9.2. Results and discussion
Table 6 illustrates the results. RTs were faster in the form task
(490 ms) than in the color task (583 ms) [F(1,13) = 45.87,
MSe = 2390.9, p < .001], and faster when the cue and the target
had the same color (526 ms) compared to when they had different
colors (547 ms) [F(1,13) = 11.43,MSe = 639.3, p < .01]. More impor-
tantly, there was also a signiﬁcant interaction between task and
color [F(1,13) = 10.57, MSe = 338.2, p < .01]. Whereas a signiﬁcantT
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ig. 6. Examples of stimulus displays from Experiment 3B. The ‘‘go/nogo” criterion
as based on the location of the response cue, which was above or below the
orizontal meridian. The cue and the target had either the same color (both black or
oth white; same condition) or different colors (one black and the other white;
ifferent condition). The task was color discrimination (black vs. white) in one
lock, and form discrimination (T vs. V) in the other block. Thus, color was anF
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irrelevant attribute in the form task, but a relevant attribute in the color task.
Table 6
Mean reaction times (in milliseconds) and error rates (percent incorrect), with standard errors, for Experiment 3B.
Color task Form task
Color same Color different Color same Color different
M SE M SE M SE M SE
RT 565 30.6 601 23.7 487 24.7 493 21.7
% Error 5.6 1.32 6.6 1.45 3.6 0.72 3.7 0.79
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p < .01], it was negligible in the form task (6 ms) [t(13) = 1.18,
ns]. No reliable effects were found in the accuracy data.
Thus, the pattern of data in Experiments 3A and 3B mirrored
that of Experiments 1A and 1B in general. In both sets of experi-
ments, there was a processing asymmetry between location and
color. Whereas location selection occurred when attention was di-
rected to color regardless of participants’ behavioral goals, there
was no evidence of color processing when attention was directed
to location unless color was task relevant. It is worth noting that
the average response latency of the location task in Experiment
3A was remarkably similar to that of the color task in Experiment
3B (both were 583 ms). Given the results, it seems unlikely that the
processing asymmetries between location and object features ob-
served in the present experiments were caused primarily by the
differential processing efﬁciency between the two types of fea-
tures. Instead, the results suggest the existence of an inherent dif-
ference between the selection of location and nonspatial properties
such as color and texture.
One may recall that the magnitude of the location effect was
larger in the location than the form task in Experiment 1A, but
not in Experiment 3A despite a numerical trend. To explore the dif-
ferential location effect as a function of task in the two experi-
ments, I performed a combined analysis of Experiments 1A and
3A.5 Not surprisingly, RTs were longer in Experiment 3A than in
Experiment 1A [F(1,20) = 6.25, MSe = 21,781, p < .05], and when the
cue and target were at different locations than when they were at
the same location [F(1,20) = 59.13, MSe = 312.4, p < .0001]. In addi-
tion, there was a task by experiment interaction [F(1,20) = 21.12,
MSe = 5176.5, p < .001], suggesting that the difference in RT between
the location and form tasks was larger in Experiment 1A than in
Experiment 3A. Importantly, there was also a signiﬁcant location
by task interaction [F(1,20) = 13.05, MSe = 297.3, p < .01], with a lar-
ger location effect in the location than the form task. However, there
was no three-way interaction among task, location, and experiment
[F(1,20) = 1.06, ns], suggesting that the pattern of data regarding the
magnitude of the location effect as a function of task relevancy did
not differ in a statistically signiﬁcant way between the two experi-
ments. Taken together, these results indicate that although location
selection was spontaneous regardless of task relevancy, its degree of
processing could still be inﬂuenced by participants’ behavioral goals.
10. General discussion
The preceding experiments provide evidence for processing
asymmetries between location and color, and location and texture.
Whereas the processing of an object’s color or texture is accompa-
nied by the processing of that object’s location, the processing of an
object’s location does not necessarily entail the processing of its
color or texture. These experiments add to the body of evidence
demonstrating the special role of location in attentional selection,5 There were no signiﬁcant differences among the three different-location condi-
tions (i.e., the DH, DV, and DD conditions) of Experiment 3A. So their data were
pooled.and they provide a clearer picture of the interactions among loca-
tion, object features, and participants’ behavioral goals.
10.1. Location selection with or without a distractor
Prior research has established spontaneous location selection
when a target is presented together with distractors (Cave & Pash-
ler, 1995; Cave & Zimmerman, 1997; Cepeda et al., 1998; Kim &
Cave, 1995, 1999a, 1999b; Tsal & Lavie, 1993). In the present
experiments, each display contained a single stimulus. Yet, loca-
tion selection was still observed when attention was paid to an ob-
ject’s color (Experiments 1A and 3A) or to its texture (Experiment
2A). Because inhibition is not evoked when a display contains no
distractors, these results suggest that task irrelevant location selec-
tion does not arise only when there is need for distractor inhibi-
tion. Instead, they suggest that location selection is obligatory: it
occurs regardless of participants’ behavioral goals.
10.2. Location processing in spatial vs. nonspatial tasks
Although location processing has been observed in both spatial
and nonspatial tasks, its degree of processing can still be modu-
lated by participants’ behavioral goals. In Experiment 1A (and to
a lesser degree also in Experiment 3A) when participants attended
to the color of the response cue, they showed a larger location ef-
fect when location was a task relevant attribute relative to a task
irrelevant attribute. However, the magnitude of the location effect
was comparable in both the location and non-location tasks in
Experiment 2A, where attention was directed to the texture of
the response cue. The question is: what could cause this difference
in results?
Although the exact nature of the difference is unclear, one
possibility was the differential attentional focus required to per-
form the go/nogo tasks in the two experiments. When selection
was based on texture (discriminating dots from short bars), par-
ticipants needed to adopt a relatively narrow attentional focus. In
contrast, when selection was based on color (discriminating
black from white), a narrow attentional focus was not necessary.
The extent of attentional focus, which is negatively correlated
with the density of processing resources within an attended area
(Eriksen & St. James, 1986), is known to inﬂuence performance in
a variety of selective attention tasks (Chen, 2003; Chen & Chan,
2007; Eriksen & St. James, 1986; Goldsmith & Yeari, 2003; La-
Berge, Brown, Carter, Bash, & Hartley, 1991). In the present
experiments, because a narrow attentional focus was not needed
to process color in Experiment 1A, the encoding of the cue’s loca-
tion may be relatively coarse when it was not a task relevant
attribute, and this may have contributed to the dilution of the
location effect in the non-location task. In contrast, a narrow
attentional focus, which was required for texture discrimination
in Experiment 2A, may have induced participants to encode the
cue’s location more precisely and to a greater degree, perhaps
because of the concentration of the attentional resources at the
location of the cue. This in turn may have led to the comparable
magnitude of the location effect between the location and non-
location tasks.
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Whereas location accompanied the processing of an object’s
color or texture in the present study, the processing of color or tex-
ture was not a necessary condition for location processing. In other
words, participants could successfully encode an object’s location
without having to encode the features of the object which occupied
that location. Thus, unlike location selection, which is independent
of task relevancy, the selection of an object’s color and texture re-
quires that they be the task relevant attributes.
Task dependent processing of an object feature has been re-
ported in previous studies (Hommel, 1998; Snyder, 1972; Tsal &
Lavie, 1988, 1993). Tsal and Lavie (1988, 1993) showed partici-
pants stimulus displays that consisted of multiple colored letters
in different locations. In some experiments, the task was to report
ﬁrst a letter (the target) on the basis of a speciﬁed feature such as
color or form, and then as many other letters as they could. Par-
ticipants were more likely to report letters near the target rather
than letters that had the same color or form. These results sug-
gest that participants did not voluntarily select letters on the ba-
sis of color and form when they were not required to. Evidence
for color selection was found only when color became a task rel-
evant attribute (Tsal & Lavie, 1993, Experiment 4), i.e., when the
decision to respond or to refrain from responding to a target was
based on the color of a cue that preceded the target. These results
underlie the importance of behavioral goals in the selection of
nonspatial features. Thus, the results of Experiments 1B, 1C, 2B,
and 3B are generally consistent with the previous ﬁndings that
an object feature is not automatically selected unless it is a task
relevant attribute.
10.4. The special role of location in selective attention
Location holds an important place in many theories of attention
(e.g., Broadbent, 1982; Cave, 1999; Downing & Pinker, 1985; Erik-
sen & St. James, 1986; Kubovy, 1981; Posner et al., 1980; Treisman,
1988; Treisman & Gelade, 1980; Wolfe, 1994). For example,
according to the feature-integration theory (Treisman & Gelade,
1980), attention is location-based, and is required to bind different
features into an object representation. Thus, successful perfor-
mance in conjunction search, in which a target is deﬁned by the
conjoining of features, is contingent upon the correct localization
of the target (Treisman, 1988). Consistent with the feature-integra-
tion theory, Nissen (1985) reported that correct identiﬁcation of an
object’s shape depended on the correct identiﬁcation of that ob-
ject’s location when participants were cued by color. Location-
based selection is also central to the FeatureGate model of atten-
tion (Cave, 1999), which regards visual perception as the result
of a hierarchy of space-based selections. These selections favor
the locations of objects with unique or task relevant features while
inhibiting the locations of objects with task irrelevant features.
Similar emphasis on location can be found in the guided search
theory (Wolfe, 1994) and in the theory of indispensable attributes
(Kubovy, 1981).
Evidence for the special role of location has been reported in
both single-unit recordings (Conner, Preddie, Gallant, & Van Essen,
1997) and electrophysiological studies (Luck, Fan, & Hillyard, 1993;
Luck & Hillyard, 1995). Conner et al. (1997) measured neuronal re-
sponses in macaque area V4 to behaviorally irrelevant color bars
while the monkeys were performing a form detection task con-
cerning a nearby object (the target). Many V4 cells shifted their re-
sponse proﬁles to the bars as a function of the spatial distance
between the target and the bars: responses were stronger when
the target was closer to the bars than when it was farther away.
This result demonstrated space-based modulation of attentional
enhancement at the neuronal level.Similar ﬁndings have been reported by Luck et al. (1993), who
measured participants’ event-related brain potentials (ERPs) in a
color by form conjunction search task. The critical manipulation
was the location of a probe, which could appear at either the loca-
tion of the target or the location of a critical distractor on the oppo-
site side of ﬁxation. The results show that when the probe
appeared 250 ms after the onset of the search display, the P1, ante-
rior N1, and posterior N1 components were signiﬁcantly enlarged
for probes presented at the target location than at the distractor
location. Because conjunction search is known to require focal
attention (Treisman & Gelade, 1980), these results indicate that
sensory processing was enhanced at the location of attention even
though location was not a task relevant attribute. Interestingly,
evidence for location selection has also been reported in feature
search tasks (Luck & Hillyard, 1995), suggesting that location selec-
tion can also occur in tasks that do not necessarily require focused
attention.
Taken together, the available evidence suggests a special role of
location in visual selective attention. Relative to selection by an ob-
ject feature, location selection is faster (Bongartz & Scheerer, 1976),
has a larger partial report advantage (Sperling, 1960, 1963; von
Wright, 1968, 1970, 1972), and is the default way of selection
when several options are available (Tsal & Lavie, 1988, 1993; von
Wright, 1968). Furthermore, whereas location accompanies the
selection of an object feature (Cave & Pashler, 1995; Cave & Zim-
merman, 1997; Cepeda et al., 1998; Kim & Cave, 1995, 1999a,
1999b; and Experiments 1A, 2A, and 3A of the present study),
the selection of an object’s location does not necessarily require
the encoding of nonspatial properties such as color, form, or orien-
tation (Bloem & van der Heijden, 1995; Johnston & Pashler, 1990;
and Experiments 1B, 1C, 2B, and 3B of the present study). If we
consider the fact that all neurons in the visual cortex have recep-
tive ﬁelds that are retinotopically organized, albeit the differences
in the size of their receptive ﬁelds, it is perhaps not surprising that
location should have a special status in visual selection relative to
object features such as color and texture. Whereas all neurons are
tuned to location, not all of them are tuned to color or texture (e.g.,
most V1 interblob neurons are not color sensitive). Thus, the pro-
cessing asymmetries between location and object features may
be a fundamental characteristic of the visual system. It may also re-
ﬂect the relationship between space and object in general.
Whereas an object has to exist at a speciﬁc location in space, space
does not necessarily need to contain any objects.
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